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contents  of ginsenosides  Rb3,  Re,  Rd,  CK,  protopanaxadiol  were  signiﬁcantly  increased.  Moreover,  the
conversion  products  had  anti-fatigue,  immune  enhancement,  and antitumor  activities  by  the  certiﬁca-
tion  of  pharmacodynamics  experiments.  The  study  provides  a  theoretical  basis  and  reference  for  future
research  on  microbial  transformation  of ginseng.
©  2015  The  Authors.  Published  by Elsevier  Ltd.  This  is an  open  access  article  under  the  CC  BY-NC-NDharmacological activities
. Introduction
Ginseng (Panax ginseng C.A. Meyer), an Araliaceae perennial
erb, which has main active ingredient ginsenosides, has anti-
ging, immunity, fatigue, antitumor and other pharmacological
ctivities [1–4]. Currently, the conversion methods of ginsenosides
nclude acid hydrolysis, alkaline hydrolysis, the degradation of the
nzyme, microbial conversion, and semisynthetic methods [5–10].
he microbial conversion is widely used because of its low costs
nd less by-products. A more systematic gut microbial conversion
rom ginsenosides of Rbl, Rb2 and Rc to ginsenoside CK was spec-
lated [11]. The ginsenoside -glucosidase which was successfully
solated from Paecilomyces Beini Ye (Paecilomyces Bainier)  sp.229
ith the microcrystalline cellulose as ﬁller column could convert
insenoside Rb1 into ginsenoside Rg3 [12].
In recent years, ginseng endophytes were used for the trans-
ormation of ginsenosides. Studies found that 51 bacteria were
solated from the Korean Ginseng, which at different ages could
romote the growth of the ginseng [13,14]. The ginseng endophytic
ungi was isolated and identiﬁed as well [15,16]. The endophytes
alled Bacillus polymyxa which was isolated from the fresh ginseng
as been screened by our laboratory and this strain could signiﬁ-
antly improve the ginsenosides concentration [17].
Bacillus polymyxa is a class of Gram-positive bacteria of the
enus Bacillus [18]. It is a ubiquitous bacteria existing in soil,
∗ Corresponding author. Tel.: +86 0431 8453 3171; fax: +86 0431 8453 3171.
E-mail address: gaoyugang 2006@163.com (Y. Gao).
ttp://dx.doi.org/10.1016/j.procbio.2015.03.013
359-5113/© 2015 The Authors. Published by Elsevier Ltd. This is an open access article unlicense  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
plant epicuticular, roots, and stems [19]. It is also an important
plant biocontrol bacteria and plant growth-promoting rhizobacte-
ria, which has been widely applied in the ﬁeld of agriculture [20,21].
In addition, this species is classiﬁed by the Environmental Protec-
tion Agency as an organism that has commercial applications as
a biocontrol agent [22]. The ﬂocculants produced by Paenibacil-
lus polymyxa play an important role in sewage treatment [23].
But there are few reports about conversing ginseng with Bacillus
polymyxa and pharmacological activities of conversion products.
This is the ﬁrst study to use ginseng endophytes-Bacillus
polymyxa to transform ginseng and to research the pharmacological
activities of conversion products, which could provide a theoretical
basis and reference for the further studies of microbial transforma-
tion of ginseng.
2. Materials and methods
2.1. Materials and sample preparation
The four-year-old ginseng was collected from the Medicinal
Plant Garden of Jilin Agricultural University. Bacillus polymyxa was
from our laboratory. The 250 ml  ﬂask was ﬁlled with 100 ml  water
and 3 g ginseng powder (20–60 mesh), sterilized at 121 ◦C for
20 min  and cooled. 2 ml  of seed liquid (OD600 = 0.5) was  inoculated
to the ﬂask by pipettes under sterile conditions. Kill bacteria by
boiling water after shaking culture at 25 ◦C for 12 d. Then 1% of CMC-
Na was  added to triturate for preparing 39 mg/ml (native dose) of
fermentation broth for pharmacological experiments.
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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sterile condition and calculated the immune organ index of theQ. Ji et al. / Process Bioch
Kits for liver glycogen, muscle glycogen, blood lactic acid (LD),
nd blood urea nitrogen (BUN) were purchased from Nanjing
iancheng Bioengineering Institute, kits for IL-2, TNF-, IgG1, IgE,
nd IgM were purchased from U.S.R & D company, mice anti-
ody with ﬂuorescein-labeled of CD4-PE, CD8-FITC were from U.S.
harmingen, Inc and the injection of cyclophosphamide was  pur-
hased from Shanghai Hualian Pharmaceutical Company (batch
umber: 120809). The levamisole was purchased from Ren Tang
harmaceutical Co., Ltd. Shandong.
.2. Experimental animals
ICR mice (male) weighed 20 ± 2 g were purchased from the
hangchun Biological Products. The mice were housed at a room
emperature (23 ± 1 ◦C), with 12 h light and 12 h dark cycle (lights
ere kept on from 6:00 am to 6:00 pm). Drinking water was  avail-
ble ad libitum.
.3. Determination of ginsenosides of the conversion products
.3.1. Sample preparation
1 g of ginseng powder by microbial conversion was  wrapped
ith ﬁlter paper and then was extracted within a soxhlet extractor
or 4 h at 80 ◦C. After removing the petroleum ether, the methanol
as added into the soxhlet extractor to extract continuously for
0 h at 80 ◦C. The extracted solution was collected after evapo-
ating methanol and dissolved in methanol for HPLC to a 10 ml
olumetric ﬂask. The samples were ﬁltrated through a 0.45 m
embrane ﬁlter prior to HPLC analysis. Ginsenosides of conversion
roducts and the control group which was ginseng without Bacillus
olymyxa conversion were prepared at the above conditions. There
ere three replicates for each group.
.3.2. Chromatographic conditions
The HPLC system was a Shimadzu LC-2010A instrument, with
iquid chromatography pump (LC-2010A), automatic injector and
hromatography workstation (CLASS-vP). The separation was car-
ied out on C18 column (150 mm × 4.6 mm,  5 m);  mobile phase
as of acetonitrile–water. For HPLC analysis, 20 l sample was
njected into the column and eluted at room temperature with a
onstant ﬂow rate of 1.0 ml/min. Water (solvent A) and acetonitrile
solvent B) were used. Gradient elution started with 82% solvent A
nd 18% solvent B, changed to 21% B for 40 min, then changed to
6% B for 2 min, then changed to 32% B for 4 min, changed to 33.5%
 for 20 min, changed to 38% B for 5 min, changed to 65% B for
5 min  and held for 5 min, changed to 85% B for 5 min  and held for
 min. Finally, it was changed to 18% B for 2 min and held for 1 min
o rebalance the separated column. The detection wavelength was
et to 203 nm [24].
.3.3. Calibration curves of ginsenoside standards
A stock solution of standards containing 16 ginsenosides (Rg1,
e, Rf, Rb1, Rg2, Rc, Rb2, Rb3, F1, Rd, F2, Rg3, protopanaxatriol, com-
ound K, Rh2, and protopanaxadiol were purchased from chemistry
aboratory of natural medicine in Jilin University and all stan-
ards were of biochemical-reagent grade and at least 98% pure.)
Fig. 1) in methanol was prepared and the 2, 4, 6, 10, 16, and 20 l
f the mixed-standard solutions were injected in triplicate, and
hen the calibration curves were constructed by plotting the peak
reas versus the amounts of each analyte. The concentrations of
6 ginsenosides in these samples were calculated according to the
tandard curves of 16 ginsenosides..4. Antifatigue experiments
The mice were fed for 1 week and randomly divided into
hree groups (n = 12) as follows: saline control group (0.4 ml/d),Fig. 1. HPLC chromatogram of mixed subject, the ginsenosides peak from the left
to  right order is Rg1, Re, Rf, Rb1, Rg2, Rc, Rb2, Rb3, F1, Rd, F2, Rg3, protopanaxatriol,
CK, Rh2, and protopanaxadiol.
ginseng group (15.6 mg/0.4 ml/d) and microbial conversion of gin-
seng group (15.6 mg/0.4 ml/d). 30 min after the administration, the
mice were placed in plastic cylinder (height 50 cm, 10 cm in diame-
ter), which was ﬁlled with water to a depth of 30 cm and maintained
at 30 ± 1 ◦C, then were forced to swim for 30 min  every 2 days, dried
with a towel and returned to their original cages. Animals in each
group were intragastrically administered for 28 d.
2.4.1. Loaded swimming test
After 28 days, the mice were taken from each group for the test. A
total of 60 min  after the last administration, the mice were weighed.
After that, a lead sinker (10% of the body weight) was attached to
the tail root of each mouse. When the mice were underwater within
5 s, the swimming time was  recorded immediately. Then the mice
were removed from the water and dried with a towel.
2.4.2. Determination of LD, BUN, liver glycogen, and muscle
glycogen in mice
After four weeks, some biochemical indexes were analyzed. A
total of 60 min  after the last administration, the mice were forced
to swim for 30 min and gently touched to keep the state of swim-
ming. After the mice rested for half an hour, blood was collected
through their eyeballs and serum was  prepared by centrifugation
at 4000 rpm at 4 ◦C for 15 min. The livers and quadriceps of the
mice were immediately collected and homogenized to 10% solution
with normal saline at 4 ◦C. The levels of LD, SUN, liver glycogen, and
muscle glycogen were determined according to the kits.
2.5. Immunization test
The mice were fed for one week and were randomly divided into
ﬁve groups (n = 12) as follows: saline control group, model group,
positive control group administered levamisole tablets powder
(15.6 mg/0.4 ml/d), microbial conversion group (15.6 mg/0.4 ml/d)
and ginseng group (15.6 mg/0.4 ml/d). In addition to saline con-
trol group, the mice of other groups were injected subcutaneously
with cyclophosphamide (20 mg/kg) for preparation of immuno-
deﬁcient model in the back of mice neck. After 3 consecutive
days, saline control group and modeling group were randomly
selected to determine organ index and lymphocyte counts. The
model was made successfully if there is a signiﬁcant difference
(P < 0.05) between the groups. Then the animals in each group were
intragastrically administered 28 d, 60 min  after the last administra-
tion, the experiment was carried out.
2.5.1. Immune organ index
After the last administration, the mice were fasted for 12 h,
weighed, and sacriﬁced. The spleen and thymus were weighed inspleen and the thymus according to the following formula:
Spleen index = spleen weight (mg)/body weight of mice (g)
Thymus index = weight (mg)/mouse body weight (g)
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Table 1
Transformation product and the reference of the monomer saponin concentration
(%) (N = 3).
Monomer saponin Content of conversion
products (%)
Content of the
control group (%)
Rg1 0.2087 ± 0.0285 0.2437 ± 0.0092
Re  0.1830 ± 0.2520 0.1541 ± 0.0050
Rf  0.0322 ± 0.0090 0.0383 ± 0.0059
Rb1 0.1970 ± 0.0209 0.2119 ± 0.0057
Rg2 0.0028 ± 0.0020 0.0056 ± 0.0002
Rc  0.1018 ± 0.0098 0.1840 ± 0.0023
Rb2 0.0759 ± 0.0160 0.0900 ± 0.0053
Rb3 0.0142 ± 0.0110 0.0027 ± 0.0106
Rd  0.1732 ± 0.0183 0.1151 ± 0.0256
F2  0.0235 ± 0.0047 0.0247 ± 0.0010
CK  0.0357 ± 0.0038 0.0150 ± 0.0057
Protopanaxadiol 0.2422 ± 0.0486 0.0276 ± 0.0223
This value represents the saponin concentration in each monomer with
mean ± standard deviation.
Fig. 2. HPLC chromatogram of conversion products, the ginsenosides peak from the
left  to right order is Rg1, Re, Rf, Rb1, Rg2, Rc, Rb2, Rb3, Rd, F2, CK, and protopanaxa-
diol.
liver glycogen were signiﬁcantly increased (P < 0.05), in which the
content of muscle glycogen and liver glycogen of the microbial
conversion group was signiﬁcantly higher than ginseng group.
Table 2
Effect of different groups on weight-loading swimming time in mice.
Experimental group Number of animals Swimming time (s)
The control group 12 461.83 ± 44.08c
Ginseng group 12 740.83 ± 50.62b018 Q. Ji et al. / Process Bioch
.5.2. Determination of CD4+, CD8+ of spleen lymphocyte subsets
The spleen was added into 10 ml  of precooled PBS solution under
terile conditions and the spleen was taken in a sterile 200 mesh
perture of the web with grinding by using a syringe needle core
nd ﬁltered and washed twice with adding cold PBS into single
ell suspension to make cell count reach the ﬁnal concentration of
 × 106 cells/ml at least. The 100 l of spleen cell suspension was
rawn into centrifuge tube then added 1 l of CD4+-FITC and 2 l
f CD8+-PE, after mixing, incubated in the dark for 30 min, washed
ith PBS and ﬁltered to add into the dedicated pipe of FACS and
nally detected the positive expression rate of CD4+ and CD8+ in T
ells by ﬂow cytometry.
.5.3. Assay of IL-2, TNF-˛, IgG1, IgE, and IgM in mice
The IL-2, TNF-, IgG1, IgE, and IgM in mice were determined by
its.
.6. Antitumor test in vitro
The logarithmic growth phase of breast cancer tumor cell MCF-7
ere seeded in 96-well plates at 1 × 104 cells/well and each well
as added 100 l and then cultured for 24 h to make the ﬁnal con-
entrations of 100, 50, 25, 12.5, 6.25, and 3.125 g/ml, respectively,
ccording to the principle of increasing concentrations of reagents.
ach concentration was set at six parallel holes. The blank control
roup was the cell culture medium without cells. The negative con-
rol group was the cell culture medium containing cells but no drug.
hey were incubated in an atmosphere of 5% CO2 in air at 37 ◦C in
 standard CO2 incubator for 2 d. After that, each hole was  added
0 l of 5 mg/ml  MTT  and continued to foster for 4 h, carefully aspi-
ating culture medium and then added 150 l of DMSO to each well.
he OD value was read in microplate reader (BIO-RAD) at 490 nm
nd calculated the rate of cell proliferation inhibition (CI) and half
nhibitory concentration (IC50).
CI (%) = (the value of the negative control group − the value of
reatment group)/the value of negative control group × 100%
.7. Statistical analysis
Data were subjected to a one-way analysis of variance (ANOVA)
ith the program SPSS 13.0. The treatments were determined
ccording to Duncan’s multiple range test at P < 0.05 in order to
dentify signiﬁcant correlates between treatments. Correlations
etween selected parameters were tested with the Pearson cor-
elation coefﬁcient. Tables were made with Microsoft excel.
. Results
.1. HPLC analysis on the conversion products
Microbial conversion group was compared with the control
roup (Table 1), ginsenosides Rb3, Re, Rd, CK, and protopanaxadiol
ere signiﬁcantly increased. In the HPLC chromatogram of trans-
ormation products (Figs. 1–3), the ratio of some ginsenosides peak
rea in the control group was less than that of the conversion group,
specially the concentrations of protopanaxadiol and ginsenoside
d.
.2. Antifatigue experiments.2.1. Loaded swimming test
The ginseng group and microbial conversion group were com-
ared with the control group (Table 2), they could signiﬁcantly
rolong the swimming time of mice (P < 0.05), in which theFig. 3. HPLC chromatogram of the control group, the ginsenosides peak from the left
to  right order is Rg1, Re, Rf, Rb1, Rg2, Rc, Rb2, Rb3, Rd, F2, CK, and protopanaxadiol.
swimming time of the microbial conversion group was  signiﬁcantly
longer than the ginseng group.
3.2.2. Determination of LD, BUN, liver glycogen, and muscle
glycogen in mice
The ginseng group and microbial conversion group compared
with the control group (Tables 3 and 4), the levels of LD, BUN
in plasma were signiﬁcantly lower (P < 0.05), in which the levels
of LD, BUN of the microbial conversion group were signiﬁcantly
lower than ginseng group. The contents of muscle glycogen andMicrobial conversion group 12 781.60 ± 34.74a
This value represents mean ± standard deviation, abc indicates signiﬁcant differences
(P  < 0.05), the same letters are not signiﬁcant but different letters have signiﬁcant
differences.
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Table  3
Effect of different groups on levels of LD, BUN in mice.
Experimental group Number of animals LD (mmol/l) BUN (mmol/l)
The control group 12 8.90 ± 0.71a 10.57 ± 0.97a
Ginseng group 12 3.91 ± 0.17b 7.49 ± 0.75b
Microbial conversion group 12 2.01 ± 0.12c 6.21 ± 0.51c
This value represents mean ± standard deviation, abc indicates signiﬁcant differences (P < 0.05), the same letters are not signiﬁcant but different letters have signiﬁcant
differences.
Table  4
Effect of different groups on contents of glycogen and muscle glycogen in mice.
Experimental group Number of animals Muscle glycogen (mg/g) Liver glycogen (mg/g)
The control group 12 1.51 ± 0.09c 3.89 ± 0.32c
Ginseng group 12 2.03 ± 0.19b 4.85 ± 0.35b
Microbial conversion group 12 2.37 ± 0.21a 6.67 ± 0.29a
This value represents mean ± standard deviation, abc indicates signiﬁcant differences (P < 0.05), the same letters are not signiﬁcant but different letters have signiﬁcant
differences.
Table  5
Effect of different groups on organ indexes in mice.
Experimental group Numbers of animals Thymus (mg/g) Spleen (mg/g)
The control group 12 2.71 ± 0.12a 5.87 ± 0.17a
model group 12 1.59 ± 0.07c 3.20 ± 0.13c
Positive control group 12 2.27 ± 0.10b 4.13 ± 0.32b
Ginseng group 12 2.04 ± 0.19 b 4.29 ± 0.34b
Microbial conversion group 12 2.76 ± 0.01a 5.98 ± 0.02a
This value represents mean ± standard deviation, abc indicates signiﬁcant differences (P < 0.05), the same letters are not signiﬁcant but different letters have signiﬁcant
differences.
Table  6
Effect of different groups on subgroup ratio of spleen cells in mice (%).
Experimental group Numbers of animals CD4+ CD8 + CD4+/CD8+
Control group 12 6.26 ± 0.06d 3.10 ± 0.35b 2.06 ± 0.05e
Model group 12 11.87 ± 0.78a 3.40 ± 0.26a 3.51 ± 0.90a
Positive control group 12 9.40 ± 2.34b 2.77 ± 0.67c 3.39 ± 0.05b
Ginseng group 12 7.50 ± 3.61c 2.50 ± 0.98c 2.94 ± 0.25c
Microbial conversion group 12 7.27 ± 2.44c 3.00 ± 1.14b 2.42 ± 0.31d
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dhis value represents mean ± standard deviation, abcd indicates signiﬁcant differen
ifferences.
.3. Immunization experiments
.3.1. Immune organ index
After modeling, the organ index of model group was  signiﬁ-
antly reduced compared with the control group (P < 0.05) (Table 5),
he organ index of positive control group, ginseng group, and micro-
ial conversion group was signiﬁcantly increased compared with
he model group (P < 0.05), where microbial transformation group
igniﬁcantly improved than the organ index of ginseng group and
ositive control group (P < 0.05). It was also showed that, after the
reatment of levamisole, ginseng group and microbial transforma-
ion, the thymus and spleen index of immunocompromised mice
ould signiﬁcantly improve.
able 7
ffect of different groups on contents of IL-2, TNF-, IgG1, IgE, IgM in mice.
Experimental group IL-2 TNF- 
Control group 1111.23 ± 27.95c 373.26 ± 18.60a
Model group 146.58 ± 9.60d 117.50 ± 11.53c
Positive control group 1154.33 ± 32.26c 291.44 ± 13.86b
Ginseng group 1225.54 ± 34.37b 289.09 ± 33.47b
Microbial conversion group 1284.21 ± 22.02a 381.44 ± 10.16a
his value represents mean ± standard deviation, the letters indicate signiﬁcant difference
ifferences.P < 0.05), the same letters are not signiﬁcant but different letters have signiﬁcant
3.3.2. Determination of CD4+, CD8+ of spleen lymphocyte subsets
After modeling, the levels of CD4+, CD8+, and CD4+/CD8+ in the
model group signiﬁcantly increased compared with the control
group (P < 0.05) (Table 6). The levels of CD4+, CD8+, and CD4+/CD8+
of the positive control group, ginseng group and the microbial
transformation group were signiﬁcantly lower (P < 0.05). Where
CD4+, CD8+, and CD4+/CD8+ of microbial conversion group were
signiﬁcantly lower compared with ginseng group and the positive
control group (P < 0.05). It was also showed after the treatment of
levamisole, ginseng group and microbial conversion group could
signiﬁcantly affect the levels of the CD4+, CD8 + of spleen lympho-
cyte subsets and improved the immunity in mice, where the effect
of microbial conversion group was  better.
IgG1 IgE IgM
118.22 ± 11.45a 608.63 ± 51.41d 144.64 ± 5.94a
77.31 ± 1.19c 2911.24 ± 97.38a 29.25 ± 2.13c
98.14 ± 4.52b 2249.47 ± 54.74b 111.61 ± 8.22b
91.89 ± 10.45b 2227.91 ± 93.79b 107.69 ± 11.38b
109.14 ± 3.79a 1301.02 ± 21.98c 139.99 ± 7.69a
s (P < 0.05), the same letters are not signiﬁcant but different letters have signiﬁcant
1 emistr
3
c
T020 Q. Ji et al. / Process Bioch.3.3. Determination of IL-2, TNF-˛, IgG1, IgE, and IgM in mice
The contents of IL-2, TNF- of the model group were signiﬁ-
antly lower (P < 0.05) compared with the control group (Table 7).
he positive control group, ginseng group and microbial conversion
Fig. 4. The effects of different groups on sy 50 (2015) 1016–1022group were signiﬁcantly increased compared with the model group
and the content of microbial transformation group was the highest.
For IgG1, the contents of IgG1 of model group were signiﬁcantly
lower (P < 0.05) compared with the control group. The positive
pleen lymphocyte subsets of mice.
Q. Ji et al. / Process Biochemistr
Table  8
the effect of transforming products and ginseng group on breast cancer tumor cells.
Drug concentration
(g/ml)
Microbial conversion group
CI (%)
Ginseng group
CI (%)
100 47.80 36.68
50  47.37 36.14
25  45.45 35.98
12.5  41.91 34.38
6.26  39.56 31.10
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w3.125 37.05 26.17
IC50 (g/ml) 102.81 259.49
his value is expressed as mean. The CI and IC50 were calculated.
ontrol group, ginseng group and microbial transformation group
ere both signiﬁcantly increased compared with the contents of
gG1 of the model group, of which the highest contents was  micro-
ial transformation group. For IgE, a signiﬁcant increase in levels
f IgE was the model group compared with the control group
P < 0.05). The positive control group, ginseng group and microbial
ransformation group were signiﬁcantly decreased compared with
he levels of IgE of the model group, of which the lowest levels
ere microbial transformation group. For IgM, the positive control
roup, ginseng group and microbial conversion were signiﬁcantly
ncreased compared with the levels of IgM of the model group. The
ighest levels were microbial transformation group. After the treat-
ent of levamisole, ginseng group and microbial transformation,
hich could signiﬁcantly affect the levels of IL-2, TNF-, IgG1, IgE,
nd IgM in immunocompromised mice and improved immunity
n mice and the effect of microbial transformation group was the
etter.
.4. Antitumor experiments in vitro
With the increase of drug concentration (Table 8), the inhibition
ate of microbial groups showed a gradual upward trend com-
ared with the ginseng group. The IC50 value of microbial groups
as signiﬁcantly lower, indicating that ginseng products by Bacillus
olymyxa conversion had better antitumor activity compared with
inseng group.
. Discussions
In the present study, HPLC method is the common determi-
ation method of ginsenosides, which can express peak area of
insenosides and determine its content. If the HPLC combined with
V, the structure and concentration of ginsenosides were known
25]. In our study, the contents of ginsenosides in conversion prod-
cts were analyzed by HPLC (Table 1). The HPLC chromatogram of
onversion products was illustrated (Figs. 1–3). Which enzyme of
acillus polymyxa can convert ginsenosides is an area that needs
urther study.
The loaded swimming test was to evaluate the index of the effect
f antifatigue and the length of the swimming time to exhaustion
ndicated the degree of fatigue [26,27]. The ginseng products by
he conversion of Bacillus polymyxa could signiﬁcantly increase the
wimming time of mice and enhance vitality (Table 2). The body
ill go on an anaerobic movement when it runs to a certain extent,
hen it will generate a lot of lactic acid from sugar decomposi-
ion and results in fatigue symptoms [28]. The ginseng products
f Bacillus polymyxa conversion could signiﬁcantly reduce the for-
ation of lactic acid in mice and reduced fatigue. When a certain
mount of sugar is broken down and then it began to consume pro-
ein to provide energy with producing urea nitrogen [29]. Studies
ave shown that the levels of blood urea nitrogen increased with
he increase of movement load. The worse the body’s resilience
as, the more obvious serum urea nitrogen increased, which werey 50 (2015) 1016–1022 1021
the products of movement load beyond a certain amount [30].
However, the conversion products could signiﬁcantly reduce the
generation of serum urea nitrogen in mice (Table 3). The contents
of glycogen directly reﬂected the state of the body’s metabolism of
glycogen, in theory, increasing the reserves of liver glycogen and
muscle glycogen reserves could provide energy for the body dur-
ing exercise and delay reduced fatigue [31]. The ginseng products
by Bacillus polymyxa conversion could reduce the consumption of
the body’s liver glycogen and muscle glycogen (Table 4). Besides,
the comparison of microbial conversion group with the control
group, could signiﬁcantly increase the swimming time of the mice
and reduce blood lactate, blood urea nitrogen, muscle glycogen,
and liver glycogen in mice. They also signiﬁcantly improved the
resistance to fatigue compared with ginseng group.
T lymphocyte cell is an important population in immune sys-
tem. Under normal circumstances, the CD4+ T cells and CD8+ T cells
of body maintain homeostasis, particularly the ratio of CD4+/CD8+
in the immune cell reﬂected the ability to regulate the immune
response [32]. T cells also secrete cytokines, such as IL-2, TNF- and
it also promotes the generation of some immunoglobulins, such as
IgG1, IgM to enhance immunity. The study was to prepare immuno-
compromised model by injecting cyclophosphamide in mice and
measure the immune organ index to afﬁrm successful modeling. By
measuring the immune organ index (Table 5), the ginseng products
by Bacillus polymyxa conversion could signiﬁcantly increase the lev-
els of the spleen and thymus index compared with ginseng group.
And the ginseng products by Bacillus polymyxa conversion could
signiﬁcantly affect the percent of spleen lymphocyte subsets CD4+,
CD8 + and the ratio of CD4+/CD8+ and improve immunity of mice
(Table 6) (Fig. 4). The ginseng products by Bacillus polymyxa con-
version could signiﬁcantly affect the levels of the IL-2, TNF-, IgG1,
IgE, and IgM levels in immunocompromised mice and the ginseng
products by Bacillus polymyxa conversion could effectively enhance
the immune capacity compared with ginseng group (Table 7).
The anti-tumor experiments in vitro have been widely used as a
model system for evaluating the antitumor of compounds [33]. As a
result, the ginseng products by Bacillus polymyxa conversion had a
certain antitumor activity compared with ginseng group. With the
increase of drug concentration of the conversion products, the inhi-
bition rate of the conversion products increased (Table 8). However,
the mechanism of antitumor of conversion products needed further
study.
5. Conclusions
This is the ﬁrst time to use ginseng endophyte-Bacillus polymyxa
to transform ginseng. The conversion products by Bacillus polymyxa
could prolong the swimming times, reduce the amount of LD and
SUN in mice after movement, reduce the consumption of glycogen
and muscle glycogen in mice after exercise. The products signiﬁ-
cantly improve the ability of antifatigue in mice. They could also
improve the index of spleen, thymus in mice, affect the ratio of
CD4+/CD8+ of spleen lymphocyte subsets in mice and the IL-2, TNF-
, IgG1, IgE, and IgM in mice have affected in varying degrees, which
showed the ginseng products by Bacillus polymyxa conversion had
the strong immunity. Meanwhile, the conversion products had a
certain antitumor activity.
Acknowledgments
This work was supported by National Public Service industry
Sub-project Program (Grant No. 201303111); National Technology
Major Sub-project Program of China (Grant No. 2012ZX09304006);
National Science and Technology Support Program of China (Grant
No. 2011BAI03B010602); Basic Research Program of Jilin Province
(Grant No. 2013010 075JC).
1 emistr
R
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[022 Q. Ji et al. / Process Bioch
eferences
[1] Wang HL, Wu T, Wu ZH. Effects on ginsenosides of anti-skin aging. Pharmacy
of  Guangdong College 2003;19:25–8.
[2] Yang ZG, Chen AQ, Sun HX, Sun HX, Ye YP, Fang WH.  Ginsenoside Rd elicits Th1
and Th2 immune responses to ovalbumin in mice. Vaccine 2007;25:161–9.
[3] Oces J, Alvarez AI, Vila L, Ferrando A, Cabral de Oliveira C, Prieto JG. Effects
of  administration of the standardized Panax ginseng extract G115 on hepatic
antioxidant function after exhaustive exercise. Comp Biochem Physiol C:
Pharmacol Toxicol Endocrinol 1999;123:175–84.
[4] Yang ZG, Sun HX, Ye YP. Ginsenoside Rd from Panax notoginseng is cyto-
toxic towards HeLa cancer cells and induces apoptosis. Chem Biodivers
2006;3:187–97.
[5] Bae EA, Han MJ,  Kim EJ, Kim DH. Transformation of ginseng saponins to gin-
senoside Rh2 by acids and human intestinal bacteria and biological activities
of  their transformants. Arch Pharm Res 2004;27:61–7.
[6] Jiang YT, Chen JY, Ma  SG. Isolation and Identiﬁcation of ginseng total saponin
alkaline degradation products. Yan Tai University (Natural Science and Engi-
neering Edition) 2006;19:142–7.
[7] Liu L, Zhu XM,  Wang QJ, Zhang DL, Fang ZM,  Wang CY, et al. Enzymatic prepara-
tion of 20 (S, R)-Protopanaxadiol by transformation of 20(S, R)-Rg3 from black
ginseng. Phytochemistry 2010;71:1514–20.
[8] Cheng LQ, Na JR, Bang MH,  Kim MK,  Yang DC. Conversion of major gin-
senoside Rb1 to 20(S)- Rg3 by Microbacterium sp. GS514. Phytochemistry
2008;69:218–24.
[9] Anufriev VP, Malinovskaya GV, Denisenko VA, Uvaròva NI, Elyakov GB, Kim
SI, et al. Synthesis of ginsenoside Rg3, a minor constituent of ginseng radix.
Carbohydr Res 1997;304:179–82.
10] Yousef LF, Bernards MA.  In vitro metabolism of ginsennosides by ginseng root
pathogen Pytium irregulae. Phytochemistry 2006;67:1740–2.
11] Hasegawa H, Sung JH, Benno Y. Role of human intestinal Prevotella oris in
hydrolyzing genseng saponins. Planta Med  1997;63:436–40.
12] Yan Q, Zhou W,  Li XW,  Feng MQ,  Zhou P. Puriﬁcation method improvement
and characterization of a novel ginsenoside-hydrolyzing -glucosidase from
Paecilomyces Bainier sp. 229. Biosci Biotechnol Biochem 2008;72:352–9.
13] Vendan RT, Yu YJ, Lee SH, Rhee YH. Diversity of endophytic bacteria in ginseng
and their potential for plant growth promotion. J Microbiol 2010;48:559–61.
14] Cho KM, Hong SY, Lee SM, Kim YH, Kahng GG, Lim YP, et al. Endophytic bac-
terial communities in ginseng and their antifungal activity against pathogens.
Microbial Ecol 2007;54:341–6.
15] Park SU, Lim HS, Park KC, Park YH, Bae H. Fungal endophytes from three cul-
tivars of Panax ginseng Meyer cultivated in Korea. J Ginseng Res 2012;36:
107–10.
16] Sun ZL, Zhang M,  Zhang JF, Feng JJ. Antifungal and cytotoxic activities of the
secondary metabolites from endophytic fungus Massrison sp. Phytomedicine
2011;18:859–63.
[
[y 50 (2015) 1016–1022
17] Gao YG, Liu Q, Zang P, Li X, Ji Q, He ZM,  et al. An endophytic bacterium iso-
lated from Panax ginseng C.A. Meyer enhances growth, reduces morbidity, and
stimulates ginsenoside biosynthesis. Phytochem Lett 2015;11:132–8.
18] Ash C, Priest FC, Collins MD.  Molecular identiﬁcation of rRNA group 3 bacilli
using a PCR probe test. Antonie Van Leeuwenhoek 1994;64:253–60.
19] Cang GL, Zhang FY, Yang Y. Progress on Bacillus polymyxa.  J Anhui Agri Sci
2013;41:487–9.
20] Egamberdiyeva D. The effect of plant growth promoting bacteria on growth and
nutrient uptake of maize in two different soils. Appl Soil Ecol 2007;36:184–9.
21] Ryu CM,  Kim J, Choi O, Kim SH, Park SP. Improvement of biological control
capacity of Paenibacillus polymyxa E681 by seed pelleting on sesame. Biol Con-
trol 2006;39:282–9.
22] Wang ZW,  Liu XL. Medium optimization for antifungal active substances
production from a newly isolated Paenibacillus sp using response surface
methodology. Bioresour Technol 2008;99:8245–51.
23] Jörg H, Malte HU, Klaus B. Calorimetric investigations of the effect of polymyxin
B  on different Gram-negative bacteria. Thermochim Acta 2007;458:34–7.
24] Guo C, Gao YG, Zang P. Simultaneous determination of sixteen ginsenosides
in  Panax ginseng and its preparation by HPLC. Chin Traditional Herbal Drugs
2014;45:2009–13.
25] Leea MJ,  Choic JS, Cha SW.  Variation in the ginsenoside proﬁles of culti-
vated ginseng (Panax ginseng C.A.Meyer) landraces in Korea. Process Biochem
2011;46:258–64.
26] Tanaka M,  Nakamura F, Mizokawa S, Matsumura A, Nozaki S, Watanabe
Y.  Establishment and assessment of a rat model of fatigue. Neurosci Lett
2003;352:159–62.
27] Tang W,  Zhang Y, Gao J, Ding X, Gao S. The anti-fatigue effect of 20(R)-
ginsenoside Rg3 in mice by intranasally administration. Biol Pharm Bull
2008;31:2024–7.
28] Evans DA, Subramoniam A, Rajasekharan S, Pushpangadan P. Effect of Trichopus
zeylanicus leaf extract on the energy metabolism in mice during exercise and
at  rest. Indian J Pharmacol 2002;34:32–7.
29] Wu IT. The effects of serum biochemical value with different beverage to
replenish and intermittent exercise in high intensity. Tahan Junior College
Engineering Business J 1999;13:387–400.
30] Zhang Y, Yao XB, Bao BL, Zhang Y. Anti-fatigue activity of a triterpenoid-rich
extract from Chinese bamboo shavings (Caulis bamfusae in taeniam). Phytother
Res 2006;20:872–6.
31] Dorchy H. Rational use of insulin analogues in the treatment of type I dia-
betic children and adolescents: personal experience. Archives De Pediatrie
2006;13:1275–82.32] Yasutomo K. The cellular and molecular mechanism of CD4/CD8 lineage com-
mitment. J Med Invest 2002;49:1–6.
33] Park EH, Kim YJ, Noriko N, Park SH, Kim HK, Jang HJ, et al. Stereospeciﬁc
anticancer effects of ginsenoside Rg3 epimers isolated from heat-processed
American ginseng on human gastric cancer cell. J Ginseng Res 2014;38:22–7.
